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INTRODUCTION 


This Physics Set of the Hewlett-Packard Computer Curriculum Series consists of a set 
of Student Lab Book and a corresponding Teacher’s Advisor. It was designed to help 
meet the need for computer-oriented problems in physics, providing students an op- 
portunity to use a computer as a problem solving tool within a particular subject 
matter area. 


The materials are designed for flexible use as desired by the individual instructor. 
The material and exercises in this unit are intended as an “‘enrichment”’ experience 
in the field of waves. Waves are introduced by teaching the student to plot sine and 
cosine functions on a printing device such as a teleprinter or thermal printer. An x-y 
plotter would be cleaner and faster, but most users will have only a mechanical 
printer available. If you should have an x-y plotter, show your students how to use 
it. Graphical results are emphasized throughout the unit in two ways: the students 
are asked to make quick sketches of anticipated results and to write programs to plot 
those results. Once the graphing technique is explained, standing waves are presented, 
with accompanying exercises that illustrate (via the teleprinter) the effect on the 
wave of different wavelengths and frequencies. Traveling waves are investigated in a 
similar manner. The final topic covered is the superposition of sinusoids, with exer- 
cises involving interference and intensity. Since these topics are generally not covered 
in introductory texts, the use of this manual should not compete with your text. 
Instead, it can be used to supplement and enrich in any fashion you choose. 


The degree of difficulty of the material is dependent upon the amount of assistance 
which you choose to provide. With no assistance, the better physics student should 
be challenged. However, given a good deal of assistance, any physics student should 
be able to work out the exercises with no great difficulty. The level of the material 
is determined by the assumption that students taking introductory physics will be 
quite capable as a group. 


The Lab Book provides text material and programming exercises for the students, a 
sample program and advanced problems. The Teacher’s Advisor contains an example 
of a program to solve each exercise and a brief discussion of the important elements 
of the exercise. 


For best results, you should study all the solutions until you are certain you have a 
complete grasp of the general methods. This should be done before assigning the 
material to the class. Generally, the exercises are cumulative so that as techniques 
are developed they are used in subsequent exercises. Therefore, you will probably 
wish to proceed through the exercises in the order in which they are given. 


You will undoubtedly think of different programming methods or techniques as you 
study the example programs. Encourage the students to do the same. There are no 
approved solutions. You may have a computer system with features which would im- 
prove the programs. At this level, there is no need for emphasis on the efficiency of a 
student’s program. The important question is, does it work? 


WAVES 
Introduction 
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Trigonometry Review 


REVIEW OF TRIGONOMETRY 





The Lab Book briefly reviews the trigonometry required for the investigation of 
waves by discussing circular functions. You may wish to continue this discussion 
beyond sine and cosine. 
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GRAPHING FUNCTIONS 





You should pay particular attention in your classroom discussion to the sine plot 
program listed in Figure 2, since modifications of this program are utilized in all the 
exercises. Make sure that your students understand this program completely. 


EXERCISE I — A Graph of the Cosine Function 


The cosine function is plotted by changing only the DEF statement in line 
120 in the program in Figure 2. In part (c) the student should notice that the 
cosine of an angle is the same as the sine of the same angle plus m/2 radians. 
In part (da), the student should see immediately that the amplitudes and 
periods of the two functions are identical. Study of Figure 1 shows this 
clearly. 


EXERCISE 2 — A Change in the Period, y = Sin(2t) 


Again the only change required from the program in Figure 2 is in the DEF 
statement. The balance of the exercise follows without difficulty. 


EXERCISE 3 — A Change in the Period, y = Sin(t/2) 


Same method as in Exercise 2. 


EXERCISE 4 — Discovery 


As in the exercises above, this requires only a modification of the DEF state- 
ment in line 120 of the program listed in Figure 2. This exercise is very im- 
portant and will be referred to in later sections. The important idea is that a 
constant phase angle merely displaces the picture of the function, or is equiva- 
lent to starting the point on the unit circle in Figure 1 some where other than 
on the positive x axis. 


EXERCISE 5 — Sum of Two Sinusoids with the Same Period 


This exercise is designed to show that the sum of two sinusoids with identical 
amplitudes and periods is a new function with different amplitude but identi- 
cal period. 


EXERCISE 6 — A New Function 


In this exercise, the program in Figure 2 must be modified to include the 
argument of the sine function as a function of x. No results are included here 
as the picture will be exactly the same as for a function of t. The students 
should understand that all that is involved is a substitution of symbols. 


Graphing Functions 
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12@ DEF FNACT) = COSCT) 


RUN 
I * 
I 2 
I * 
I * 
I * 
I * 
I * 
I * 
J * 
I «x 
* 
7 x ] 
* I 
* I 
te I 
% I 
ee I 
ox I 
* I 
* I 
x I 
i I 
* I 
1K ] 
* I 
* I 
mK I 
* I 
* I 
*x | 
* 
I * 
1 * 
I x 
I x 
I * 
I * 
{ x 
I * 
I * 
I * 
READY 
y = Cost 


Exercise 1 
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126 DEF FNACT) = SINC2*T) 
RUN 


HE bd bud peed Sed fad Dead Ome fae md TG Od bd Bnd fant Had Band ed bad bend TE nd bed Pd Dd bad Pend Bnd ed td JE be bd Pad bd ee Oe ond ed Pt IE 


READY 


y = Sin(2t) 


Exercise 2 . 
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126 DEF FNACT) = SINCT/2) 


RUN 


sf 
Ix 


ang 
% 
HHHAHH HA SE 


SE pent 8 peed ene ad bond fond Seed Oend bad =e Pmd feng fms Henk feng Hed fend Send Denk fmt end Bed Od Gd Bd bd Ded nd fend fad Od Od Pd bd Bend fet 
% 


READY 
y = Sin(t/2) 


Exercise 3 
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120 DEF FNACT) = SINC T+.78540) 
RUN 


S28 EBS GO OOOO GBS OE SE OG BSE GCS OES SL OSOS OES SG BVO TSESESSE SEF HSE SBE S BSE SEE@ B® 


% 


READY 
y = Sin(t + 7/4) 


Exercise 4 
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128 DEF FNACT) = COSC T)+SINCT) 
RUN 


I * 


% 


* 
Pd ad Bad Hae dane TE bd et tent bd fat Bd band Hd Pad Od red Dod Bend Dd Dee teed nd hd nd TE teed Pend fone Sad bad Bad bed fond ed bend ed nd Pd nd 
% 


READY 
y = cos(t) + Sin(t) 


Exercise 5 
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EXERCISE 7 — Discovery 


Careful examination of the unit circle in Figure 1, plus the application of the 
Pythagorean theorem, gives the useful trigonometric identity that the sum of 
the squares of the sine and cosine of any angle is equal to 1. The students 
should try to discover this on their own and then use the computer to prove 
their results. 


EXERCISE 8 — Sum of Two Sinusoids with Different Periods 


You should not expect your students to predict what will happen in this exer- 
cise. Let them discover the results on the computer. They should note that 
some thing drastic has happened in that the period of the sum of the two func- 
tions does not seem to be well-behaved. What is taking place is the beat phe- 
nomenon. You may want to explain the beat phenomenon at this point. If 
so, devise an exercise in which you extend the range of the plot and make 
the frequencies of the two functions close together. The beat phenomenon 
will be clearly defined. 
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126 DEF FNACT) = COSC T)+SINC2*T) 
RUN 


* 
ak 


% % % 


% % 


% 
*% 


READY 


y = cos(t) + sin(2t) 


Exercise & 
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e STANDING WAVES 


EXERCISE 9 — Standing Wave Computation 


The maximum amplitude of the standing wave is 2. The wavelength is 20, 
and the cyclical frequency is 1/2m cycles per second. The most important 
part of this exercise is (d). The student should discover one of the most im- 
portant properties of a standing wave—that all points on the wave go through 
the equilibrium position at the same time. 


LIST 

190 REM STANDING WAVE 

110 LET $={2 

1280 LET L-=i¢ 

136 INPUT T 

146 LET P2=3.14159 

158 DEF FNACX) 22% SINC P* X/18)*COS¢( TxP) 
1s6@ FOR I2i TO 62 

176 PRINT TABCID;"-"3 

188 WEXT I 

$908 PRINT 

200 FOR X-@ TO 18.9081 STEP .5 
218 LET YrINTC Se FNACX)4+32.5) 

228 SIF Y>3¢ THEN 26¢ 

230 IF y<38 THEN 286 

240 PRINT TABC38) 3°" 

258 GOTO 298 

268 PRINT TABC3G)3"I%3 TABCY) 3 %x® 
278 GOTO 296 

262 PRINT TABCY) 3"%"3 TABC SO) 3 "I" 
298 WEXT X 

999 END 


READY 
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RUN 
70 
* 
I * 
I * 
I * 
I * 
I x 
J * 
I x 
I * 
I * 
I * 
I * 
I * 
I # 
I x 
I * 
I %* 
I * 
I * 
I * 
* 
READY Exercise 9(a) 
RUN 
7225 
% 
I x 
I x 
I * 
I * 
I * 
I * 
I * 
I * 
I * 
I % 
I * 
I x 
I * 
I * 
] x 
I * 
I * 
I x 
I * 
* 
READY 


Exercise 9(b) 
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WAVES 


_—_r7— SS SSS SSS SS SSS SSP SSS SSS PSS SSS SS i —————_—_—_—_—_=e 


Standing Waves 


RUN 
225 
* 
sk 
* 
* 
* 
* 
* 
x 
* 
* 
* 
* 
* 
*x 
* 
* 
* 
* 
* 
* 
* 
READY Exercise 9(c) 
RUN 
2.75 
* 
* J 
* I 
x I 
* I 
* I 
* I 
ok I 
* I 
K I 
* I 
ate I 
* I 
% I 
x I 
ae I 
* I 
* I 
* I 
*x J 
* 


READY Exercise 9(d) 


15 
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RUN 
71 


* 
* 


% H & 
TE 0 8 fre fd toe Ped deg Pk ne fd Gand Fd fond Bond Bend Fed md Ome feng SH 


READY 


Exercise 9(e) 
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EXERCISE 10 — Standing Wave Computation 


This is essentially the same problem as in Exercise 9, except that the wave- 
length is now 10. 


LIST 

1068 REM STANDING WAVE 

3@ «66LET $210 

120 «6LLET L218 

138 INPUT T 

1489 LET P=3.14159 

158 DEF FNACX) s2*SINCP*X/5)% COSC TxP) 
166 FOR I=1 TO 68 

176 PRINT TABCID)3"="3 

188 NEXT I 

198 PRINT 

218 LET YsINTCS* PNACX)430.5) 

226 IF Y>38 THEN 268 

238 IF Y<38 THEN 280 

248 PRINT TABCSO)3"*x* 

258 GOTO 292 

260 PRINT TABC3@)3"°1"%s3 TABCY) 3 °%* 
276 GOTO 298 

280 PRINT TABCY) ;"*"s TABC30) 5° I" 
290 WNEXT X 

999 END 


READY 
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RUN 
76 


READY 


RUN 
265 


READY 


* 


3b pe 00 pnt 08 Fae b<d bed 6 re FE 5-6 foe f-4 Pe Pd fd Od Od 


Exercise 1 O(a) 


HHHHEHEHEHRHKRHHAHRHHREEHE HA HHH 


Exercise 10(b) 


* 
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RUN 
71 
* 
* I 
* I 
* I 
* . I 
* I 
x I 
* I 
* I 
* I 
x 
I * 
I * 
I 2 
I * 
I * 
I * 
I * 
I * 
I 
* 


READY Exercise 10(c) 
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EXERCISE I1 — Standing Wave Computation 


RUN 
76 


The maximum amplitude is 3, the wavelength is 20/3, and the cyclical fre- 
quency is 1 cycle per second. 


135! REM STANDING WAVE 

119 LET S$=7 

126 LET L=198 

136 INPUT T 

140 LET P=3.14159 

156 DEF FNACX) =3«SIN(3*P* X/ 18)*COS(2*%P* T) 
160 FOR I=! TO 60 

176 PRINT TABCI) 3*-"; 

188 NEXT I 

198 PRINT 

260 FOR X=8 TO 18.0081 STEP .5 
2180 LET YcsI NTCS* FNACX)+30.5) 

220 IF Y»3@ THEN 260 

250 IF Y<38 THEN 28@ 

248 PRINT TABCSO) 57%" 

258 GOTO 296 

268 PRINT TABCSO)37I"s TABCY) s?%” 
276 GOTO 298 

288 PRINT TABCY)3"*"3 TABCSO)3"I° 
298 NEXT X 

999 END 


READY 


READY 


* 
I * 
I ak 
I * 
I * 
I * 
I * 
*x 
a I 
% I 
* I 
* I 
* I 
*x J] 
I * 
I *x 
I * 
I * 
I * 
I * 
* 


Exercise 1 1(a) 





atl 


- 


WAVES 





RUN 
2025 


Standing Waves 


‘READY 


RUN 
765 


a 


HSHHEHRHEKEHRHRHRHHRHHKRHH EH HE FH 


Exercise 1 1(b) 


READY 


De <0 Pend 04 fd Ob Ped Ped bak O=4 Bnd Pe Bd ad Od Od Ont 0-4 OF Oe FH 
& 


Exercise 1 1(c) 
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EXERCISE 12 — Nodes 


The nodes are at x = 0, 2.5, 5, 7.5, and 10. Use the program from Exercise 11 
changing line 150 to: 150 DEF FNA(X) =10*SIN( 4 *P*X/10)* COS(50*P*T). 


LIST 

168 REM STANDING WAVE 

1189 LET Ss2 

128 LET L=1¢ 

138 INPUT T 

140 LET P=3.14!159 

158 DEF FNACX) =1OxSI NC 4*PxX/18)* COSC5SaPx T 
16@ FOR I=i1 TO 66 

178 PRINT TABCI);"="3 

188  WEXT I 

198 PRINT 

210 LET YoINTCS* FNACX)430.5) 

220 IF Y>30 THEN 268 

238 &IF Y<30 THEN 280 

248 PRINT TABC36) 3°%" 

258 GOTO 298 

268 PRINT TABC38)3°I"%s3 TABCY) 5°" 


278 GOTO 29@ 
280 PRINT TABCY) 3°*"3 TABC30)3°1" 
298 WNEXT X 
999 END 
READY 
RUN 
70 
* 
I x 
I * 
I * 
I * 
* 
* I 
x I 
x I 
% I 
* 
I * 
I * 
I *x 
I ak 
* 
te I 
* I 
* I 
READY * I 
* 


22 Exercise 12 





WAVES 
Standing Waves 





ADVANCED EXERCISES 
EXERCISE 13 — Superposition of Standing Waves (Different Frequencies) 


This is a good exercise in trigonometry for your better students. They may 
or may not be able to discover the answer on the computer. The result is a 
standing wave with a frequency equal to the average of the two original fre- 
quencies but whose amplitude is a function of both x and t. 


LIST 

126 REM STANDING WAVE 

118 LET s=2 

120 LET L=!9 

139 INPUT T 

148 LET P=3.14159 

150 DEF FNACX)=5xSINCP&X/12)*COS(2*Px T) 
151 DEF FNBCX) =5«SINCP*X/1@>*COSCP* T) 
166 FOR I-11 TO 68 

170 PRINT TABCI);"-"3 

188 NEXT I 

198 PRINT 

200 FOR X28 TO 16.8801 STEP .5 

21@ LET YsINTCS«CFNACX)+FNBCX) )+38.5) 
226 IF Y>38 THEN 268 

238 IF Y<30 THEN 280 

240 PRINT TABC30);"*%" 

2589 GOTO 290 

268 PRINT TABC3@)3°I%s TABCY) 3°x" 

278 GOTO 298 

288 PRINT TABCY) 3°*%"%s TABC 36) 3° 1" 

296 WEXT X 

999 END 


READY 


23 
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RUN 
768 
* 
I x 
I x 
YI * 
I * 
I * 
I * 
I a 
I * 
1 * 
1 ae 
1 & 
I a 
I * 
I * 
I me 
I * 
I *x 
I mK 
I * 
te 
READY Exercise 13(a) 
RUN 
7225 


GD ED OD tS D&D © BSH WA ES OE Be BOE OH CO BS OS BS @S @S CE @OS @ @ @SS @OVSS ©€SEBO SO GOHHCE 


*% 
*% 
% 
#% 


ee eae ee rea ee ee ee ee 
e 
* % & 
eH HH 


HH pnt 900 Ot 
% 
& 
% 
% 


READY Exercise 13(b) 
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RUN 
71 


HHHRERBHEHRARHEHRHRHEHRHHHR HH 


READY Exercise 13(c) 


RUN 
25 


HRHBD EH 
Te O-8 God Fd Od One fed Fk OG Od Gee Pend fend Od fed Bed md Od Od Od HE 


READY Exercise 13(d) 


25 
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EXERCISE 14 — Superposition of Standing Waves (Different Wavelengths) 


The result of this superposition is a standing wave with the same frequency 
as the original waves, but with a modulated amplitude that is a function of x. 


LIST 

108 REM STANDING WAVE 

110 LET S22 

120 LET L:!0 

130 INPUT T 

148 LET P=3.14159 

150 DEF FNACX) 25S] NCP&X/18)* COS(2*P* TD 
151 DEF FNBCX) =5*SINCP&X/5)*COS(2*Px T) 
168 FOR I=! TO 60 

178 PRINT TABCI);%="3 

189 WEXT I 

198 PRINT 

208 FOR X=@ TO 10.0001 STEP .5 

21@ LET YsINT(S*CFNACX)+FNBCX) 430.5) 
228 IF Y>38 THEN 260 

238 IF Y<38 THEN 280 

248 PRINT TABC3C)3"x" 

250 GOTO 290 

268 PRINT TABC30)371"3 TABCY) 37%" 

278 GOTO 290 

288 PRINT TABCY)3°*"s TABC36) 371" 

298 WEXT X 

999 END 


READY 
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RUN 
0B 
* 
J x 
J 4 
I * 
I * 
I * 
I * 
I * 
I * 
I * 
I * 
I * 
I * 
I* 
*I 
*x jf 
* I 
* I 
x J 
*x | 
¥ 
READY Exercise 14(a) 
RUN 
2.25 


HAHHRERKHHEHBHKREHRHHEHHE HH 


READY Exercise 14(b) 
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RUN 
ied WOOO Gee @ @ @ @& 

* 
i I 
* I 
* I 
* I 
te I 
* I 
* I 
* I 
* I 
ie I 
me I 
* I 
*] 
Ix 

I * 

I * 

I * 

| oe 

I x 
* 


READY Exercise 14(c) 


28 
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EXERCISE 15 — Superposition of Standing Waves (Different Wavelengths 
and Frequencies) 


The result here cannot be identified with the characteristics ofa standing wave. 


LIST 

198 REM STANDING WAVE 

110 LET S=2 

120 LET L210 

130 INPUT T 

148 LET P=3.14159 

150 DEF FNACX)=5*xSINCP*«X/10)*COSCP* T) 
151 DEF FNBCX) =5*SINCP#X/5)*COSC2*«Px Tl) 
166 FOR Is! TO 66 

178 PRINT TABCI)3°="3 

18@ NEXT I 

198 PRINT 

208 FOR xX:8 TO 10.8001 STEP .5 

218 LET YSINTCS*® CPNACX)+FNBCX) 430.5) 
226 IF Y>3@ THEN 260 | 

230 IF Y<30 THEN 288 

248 PRINT TABC3@) 3°%"* 

258 @0TO 29¢ 

268 PRINT TABC3O)3°1"s TABCY) 3 °x" 

278 GOTO 298 

286 PRINT TABCY) 3°*%" 3 TABC 30) 3° I* 

290 NEXT X 

999 END 


READY 
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mB | 
* 
I * 
I * 
I * 
I * 
I *x 
I * 
I * 
I * 
I x 
I * 
I x 
I x 
1* 
x] 
* jj 
* I 
aK I 
* J 
*x I 
* 
READY Exercise 15(a) 
RUN 
205 


% 
* 
* 


% % & 


TE 0-8 bad pd <8 Oe fed Og Ont Bag FE 8g be nd Od Sud Ont Oe Od Oe HE 


READY Exercise 15(b) 
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RUN 
71 

* 

I * 

I x 

I xk 

I * 

I * 
Ix 
*J 
ae I 
me I 
* I 
*x I 
* I 
* I 
ak I 
* I 
* I 
* I 
* I 
* I 
* 


READY Exercise 15(c) 


EXERCISE 16 — Trigonometric Superposition 


See any text on trigonometry for the necessary identities. 


31 








PHYSICS 


Hewlett-Packard Computer Curriculum 





32 


WAVES 


Traveling Waves 


TRAVELING WAVES 


EXERCISE 17 — Traveling Wave Computation 


The phase velocity is 20/m. When t = 0.5, the wave should have moved 10/n 
units from its position at t = 0. Examination of the printouts shows that this 
is indeed true. Recall that there is an asterisk printed out every 0.5 distance 
units. 


LIST 

180 REM TRAVELING WAVE 

118 LET S12 

129 LET L=18 

138 INPUT T 

146 LET P=3.14159 

158 DEF FNACX) =2*COSC2* T-PaX/ 18) 
160 FOR Ist TO 66 

878 PRINT TABCID;%="s 

188 NEXT I 

198 PRINT 

260 FOR X28 TO 16.6001 STEP .5 
218 LET YsINTCS*® FNACX)+32.5) 

228 IF Y>3@ THEN 2628 

238 IF Y<38 THEN 288 

249 PRINT TABC30) 3°” 

258 GOTO 290 

266 PRINT TABCSO)3"1I"3 TABCY) 5 °%" 
276 G60TO 290 

280 PRINT TABCY)3°*°3 TABCS8)3 "1° 
296 NEXT X 

999 END 


READY 


33 
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RUN 
76 


Ow SD OOS HDUWSVSESOE DH GES BSEHLBHEE BHO HUSSE HAH HESWHSSEH BS CGE SGGEABBRE®O DODDS OS 


READY 


RUN 
2.5 


REABY 


% 


I 


+ 
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RUN 
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READY 


Exercise 1 7(c) 
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EXERCISE 18 — Traveling Wave Computation 


This is the same as Exercise 17, except the phase velocity is now 5/n. 


LIST 
198 
116 
{28 
1356 
140 
156 
168 
172 
ig 
1908 
266 
218 
228 
252 
240 
250 
268 
276 
288 
298 
999 


REM TRAVELING WAVE 

LET S=2@ 

LET L=18 

INPUT T 

LET P=3.14159 

DEF FNACX) =COSC T+P*%X/5) 
FOR I=] TO 68 

PRINT TABCI) 3-73 

NEXT I 

PRINT 

FOR X:@ TO 16.8001 STEP .5 
LET YrINTC Se FNACX)+30.5) 
IF Y230 THEN 260 

IF Y<36 THEN 2886 

PRINT TABC30);°*%" 

G0TO 296 

PRINT TABC30)3°71"% 3 TABCY) 37%" 
GOTO 298 

PRINT TABCY) 3°"; TABC38)3° I" 
NEXT X 

END 


READY 
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READY Exercise 1 8(a) 
RUN 
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READY Exercise 18(c) 
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EXERCISE 19 — Superposition of Traveling Waves 


If enough pictures are plotted in this exercise, the two traveling waves can 
clearly be seen to cancel each other out, then reinforce each other, and so on. 
This is a good example of interference of traveling waves. 


LIST 
100 REM TRAVELING WAVE 

110 LET Sz10 

128 LET L=1@ 

130 INPUT T 

140 LET P=3.14159 

158 DEF FNACX)=COS( T+P*x/5) 

151 DEF FNBCX) =COS( T-P#X/5) 

166 FOR I=i TO 6¢ 

176 PRINT TABCI)s%<"; 

188 NEXT I 

198 PRINT 

206 FOR X26 TO 14.0001 STEP .5 
210 LET YsINTCS«( FNACX)+FNBCX) 430.5) 
228 IF Y>3@ THEN 266 

239 IF Y<36 THEN 28¢ 

248 PRINT TABC3@);°*" 

252 GOTO 296 

260 PRINT TABC30)3"I"3 TABCY) 3°" 
276 GOTO 29¢ 

286 PRINT TABCY) 3"*"; TABC3O) 5° I° 
298 NEXT X 

999 END 


READY 
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READY Exercise 19(c) 
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EXERCISE 20 — Traveling Gaussian Wave 


This exercise illustrates that traveling waves need not be sinusoids. The ex- 
ample chosen here is a gaussian curve. Some students may note that this is 
the familiar bell curve. If so, you might choose to go on and perhaps show 
what happens when the denominator of the exponent is modified. 


LIST 

106 REM TRAVELING WAVE 

110 LET S20 

120 LET L=10 

138 INPUT T 

$42 LET P23.14159 

$50 BEF FNACX) =EXPCeC(¢ TeX) /2) t2) 
168 FOR I-21 TO 66 

176 PRINT TABCIDs"~"3 

188 NEXT ] 

198 PRINT 

200 FOR X2@ TO 1@.8061 STEP .5 
210 LET YsINTCS* FNACX)4+36.5) 

228 IF Y>38 THEN 260 

230 IF Y<30 THEN 286 

248 PRINT TABC30)3°*%" 

25@ G@0TO 296 

266 PRINT TABC30)3"1I%s TABCY) 3°*%" 
278 €@0TO 298 

286 PRINT TABCY)3"*"s TABC3Q0)3°1I° 
290 NEXT X 

999 END 


READY 
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READY Exercise 29(a) 
RUN 
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REABY Exercise 20(b) 
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READY 
Exercise 20(c) 
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EXERCISE 2] — Interference of Sine Waves 


This is a very useful exercise. All texts discuss constructive and destructive 
interference of sinusoids, but this exercise allows us to watch the process 
gradually take place as the phase angle is changed. You will probably want 
to place a great deal of emphasis upon this exercise. 


LIST 

100 REM SINUSOID SUPERPOSITION 

116 LET S=1@ 

146 LET P-3.14159 

145 INPUT Al 

146 LET AzA1*P 

156 DEF FNAC T) =SINC2*P« TA) 

151 DEF FNBCT) s<SINC2*&Px* T) 

168 FOR I=! TO 60 

176 PRINT TABCI)3"<*3 

188 NEXT I 

190 PRINT 

2806 FOR T=8 TO 1.0081 STEP 5.@C@O0CCE-G2 

218 LET YcINTCS*C FNAC T)+FNBCT) )4+398,5) 
: 228 IF Y>38 THEN 268 

230 IF Y<30 THEN 282 

248 PRINT TABC30)3°*%" 

258 GOTO 290 

268 PRINT TABC3Q)3°I" 3 TABCY) 3 °*%" 

278 GOTO 298 

288 PRINT TABCY)3°*"s TABC30)3"I" 

298 NEXT T 

999 END 


READY 
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READY Exercise 21(c) 
RUN 
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READY Exercise 21(e) 
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EXERCISE 22 — Interference of Cosine Waves 


This exercise shows the relationship between the sine functions in Exercise 
21 and the cosine functions. 


LIST 

If REM SINUSOID SUPERPOSITION 
110 =6LET S:l¢ 

144 LET P-=3,14159 

145 INPUT Al 

146 LET Az=A]*P 

15@ DEF FNACT) =2* COSC2*Px* T+A) 
151 DEF FNBCT)=COSC2* Px T) 

166 FOR I=! TO &6F 

170 PRINT TABCI) 3"-"3 

1@@ NEXT J 

192 PRINT 

e@@ FOR T-=2 TO 1.¢70A1 STEP 5. 0¢@¢@F-22 
C21@ LET Y-INTCS* CFNACT)+FNBCT) 434.5) 
2ee IF Y>3e THEN 262 

CSV 6OIF Y<3@ THEN 282 

cA’ PRINT TABC3¢)3"*" 

2e5@ GOTTA 298 

26@ PRINT TABC3K)3"I"s3 TABCY) 3 "x" 
272 GOTO 29€ 

2B@ PRINT TABCY) 3"*"s TABC3@)3 "I" 


2S9@€ NEXT T 
989 END 
READY 
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READY 
Exercise 22(a) 
RUN 
Tee 
I 2K 
I * 
I x 
I] * 
* I 
* I 
= I 
- I 
. I 
" I 
* I 
si J 
* I 
* | 
I 2k 
I 2 
I x* 
I > 
I 2K 
I 
I x 
READY Exercise 22(b) 
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READY Exercise 22(c) 
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READY 
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EXERCISE 23 — Interference of Sine and Cosine Waves 


This exercise combines the properties of Exercises 2] and 22. 


LIST 

1898 REM SINUSOID SUPERPOSITION 
110 LET S-18 

148 LET P=3.14159 

145 INPUT Al 

146 LET A=Al*P 

150 DEF FNACT) =SINC2*P« T+ A) 

151 0 =©DEF FNBC T) =COSC2*Px T) 

166 FOR Ist TO 68 

176 PRINT TABCI)3°="3 

180 NEXT I 

19@ PRINT 

226 FOR T=@ TO 1.0001 STEP 5.88000E-02 
218 LET YsINTCS®CFNAC T)+FNBCT) 438.5) 
226 IF Y>3@ THEN 268 

230 IF Y<3@ THEN 288 

246 PRINT TABC30)3 "x" 

2528 GOTO 298 

26@ PRINT TABC30)3"I"3 TABCY) 3°%" 
276 GOTO 29¢ 

288 PRINT TABCY)3"*"s3 TABC3Q)3"I" 
298 NEXT T 

999 END 


READY 
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READY Exercise 23(a) 
RUN 
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READY Exercise 23(b) 
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READY Exercise 23(c) 
RUN 
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READY Exercise 23(e) 
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EXERCISE 24 — Intensity 


Let the student discover the mathematically obvious fact that the intensity 
is always positive. This exercise ties in well with material on interference 
patterns. 


LIST 

100 REM SINUSOID SUPERPOSITION 
110 LET S=5 

140 LET P=3.14159 

145 INPUT Al 

146 LET A=Al*P 

150 DEF FNACT =SINC2*P+ THA) 

151 DEF FNBCT) =SIN(2*P* T 

160 FOR I=! TO 60 

170 PRINT TABC1)3"<"; 

180 NEXT I 

198 PRINT 

298 FOR T=@ TO 1.8001 STEP 5.90000E-02 
218 LET YzINTCS*CFNACT)+FNBCT)) 12+30.5) 
228 IF Y>30 THEN 260 

230 IF Y<38 THEN 280 

248 PRINT TABC38)3°*" 

258 GOTO 290 

268 PRINT TABC3G)3°1"%s TABCY) 37%" 
278 GOTO 298 

288 PRINT TABCY)s%*"s TABC30)3°1° 
298 NEXT T 

999 END 


READY 
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READY Exercise 24(a) 
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EXERCISE 25 — Discovery 


The function described by the Fourier series is a square wave. When 20 terms 
are included, the square wave is clearly defined. Even though the students 
cannot be expected to understand the mathematics of a Fourier series, they 
can have great fun experimenting and simultaneously gain valuable insight 
into the process, Any physics handbook contains numerous other series for 
students that wish to go further. 


LIST 

106 REM FOURIER SERIES 

110 «LET S=15 

1468 LET P=3.14159 

145 INPUT N 

150 DEF FNACX) =€4/€(2* Jo} eP) & SING C2% Jol )ePHX/5 ) 
166 FOR I=1 TO 60 

176 PRINT TABCI) 3%<"s 

188 NEXT I 

199 PRINT 

266 FOR X=8 TO 18.881 STEP .5 
262 «LET Z2=0 

264 FOR J=! TO N 

266 LET Z=Z+FNACX) 

268 NEXT J 

218 LET Y<sINTCS*Z+398,5) 

228 IF Y>3@ THEN 268 

238 IF Y<38 THEN 288 

248 PRINT TABC3O)3°*" 

258 GOTO 296 

268 PRINT TABCS8)3°1"% 3 TABCY) 3%" 
278 GOTO 298 

288 PRINT TABCY)3°*" 3 TABC SO) 3°" 
296 NEXT X 

999 END 


READY 
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READY Exercise 25(a) 
RUN 
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READY Exercise 25(b) 
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READY Exercise 25(c) 
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READY Exercise 25(d) 
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EXERCISE 26 — An Unknown Wave Form 


The unknown function is a ramp function that is clearly defined when 20 
terms are included ti the series. 


LIST 

190 REM FOURIER SERIES 

118 LET S=15 

140 LET P=3.14159 

145 INPUT N 

15@ DEF FNACX) =(2*C=-1) T2/ CSP) & SINC JKPHX/5) 
168 FOR I=! TO 68 

176 PRINT TABCI)3"="s 

180 NEXT I 

194 PRINT 

289 FOR X=8 TO 10.001 STEP .5 
202 LET Z=6 

264 FOR J=!1 TO N 

206 LET Z=Z+FNACX) 

288 NEXT J 

210 LET Y=INTCS*7+30,.5) 

220 IF Y>3@ THEN 266 

232 IF Y<38 THEN 280 

2468 PRINT TABC30) 3x" 

258 GOTO 296 

268 PRINT TABC38)3"1"s TABCY) 5 °** 
276 GOTO 298 

286 PRINT TABCY)3"*"s TABC30)3"I" 
298 NEXT X 

999 END 


READY 
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READY Exercise 26(c) 
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